Object. The authors began using thoracoscopy to treat pathological conditions of the spine in 1992. In this study they delineate their clinical experience in which this procedure was used to resect herniated thoracic discs.
In cardiothoracic and spine surgery, this technique has become a well-established, valuable surgical approach because it is associated with less morbidity and more rapid recoveries than thoracotomy. [1, 8, 9, 14, 15, 17, 20, [23] [24] [25] 33, 34, 39] We began using thoracoscopy to treat pathological conditions of the thoracic spine in 1992. This report delineates our clinical experience using thoracoscopy to resect herniated thoracic discs in 55 patients.
CLINICAL MATERIAL AND METHODS
The clinical characteristics, operative results, and clinical outcomes of patients treated for herniated thoracic discs at our institutions were reviewed retrospectively. Patients' records, clinical examinations, diagnostic imaging studies, operative records, hospital charts, and office records were reviewed. Follow-up review consisted of evaluating postoperative radiographs and imaging studies of the surgical site to assess the decompression, follow-up office visits with clinical examinations, and telephone interviews.
Patient Population
Between 1992 and 1996, at our two tertiary clinical referral centers 55 consecutive patients underwent video-assisted thoracoscopy for treatment of herniated thoracic discs. There were 33 men and 22 women (mean age 48 years; range 31-72 years). Thirty-six patients presented with myelopathic signs and symptoms from spinal cord compression and 19 patients had incapacitating thoracic radicular pain without myelopathy. The mean preoperative duration of symptoms was 13 months (range 4 months-20 years).
Between 1986 and 1996, the same data were collected in patients at our facilities who underwent a costotransversectomy or a thoracotomy for the treatment of herniated thoracic discs. The 18 patients treated with thoracotomy and the 15 patients treated with costotransversectomy had similar clinical characteristics and severity of neurological deficits as the patients treated with thoracoscopy.
Preoperatively, the only clinical differences between patients treated thoracoscopically and those treated via a costotransversectomy were that the latter tended to have small or medium-sized discs that were focal and eccentric toward one side of the spinal canal. In this group, a higher proportion of patients also had radiculopathy without myelopathy. Like the patients who underwent thoracoscopy, the patients who underwent thoracotomy had larger discs, broad-based central discs, and calcified discs. They also had a higher incidence of more severe myelopathy than the patients who underwent costotransversectomy. Two patients treated with thoracotomy were originally intended to undergo thoracoscopy. One had tracheal stenosis and a double-lumen endotracheal tube could not be inserted. One had undergone a prior thoracotomy and had dense pleural adhesions that prohibited an endoscopic approach.
Surgical Technique: Thoracoscopic Microsurgical Discectomy
The general details of thoracoscopy for spinal exposure and dissection have been reported elsewhere. [10] [11] [12] 42] Only the most salient details of the operative technique are discussed here.
The patient was placed in a lateral decubitus position with the side of access turned upward; the ventilated lung was positioned dependently. Before the patient was prepared for surgery, a C-arm was used to localize the level of disease and a mark was made to identify the skin over the pathological site and the sites where the portals were to be inserted.
After the patient's skin was scrubbed, the portals and endoscope were inserted, and the lung was mobilized from the anterior surface of the spine. The ribs were counted internally to identify the disc space, and the pleura over the identified rib head was cauterized. The C-arm was used to count the ribs, beginning caudally at the 12th rib, to confirm the operative site. The ribs were counted several times to ensure that the correct level was identified. A tool or needle was held at the level of the disc to confirm the localization. The pleura was incised over the proximal rib and disc space and then mobilized. Its edges were folded laterally to expose the disc space, proximal rib, and adjacent segmental vessels.
The segmental vessels that supply the foramen and the rib at the level of disease were mobilized and usually ligated prophylactically to prevent bleeding. The segmental artery and vein were ligated with hemoclips and sharply transected with endoscopic scissors. The neurovascular bundle was detached from the undersurface of the rib by using subperiosteal dissection with curettes and periosteal elevators. Any bleeding from the neurovascular bundle was controlled with bipolar cauterization. If the aorta was displaced laterally, interfering with access to the disc space, the vessel was mobilized anteriorly after several sets of segmental vessels were ligated.
The proximal 2 cm of the rib and pedicle were removed to expose the spinal canal to visualize the lateral surface of the dura. The neurovascular bundle, intercostal muscles, and costotransverse and costovertebral ligaments were detached from the rib by using periosteal elevators and rib dissectors. The rib was transected and the bone was saved in case graft material was needed. Typically, we do not fuse a routine thoracic discectomy because it does not appear to destabilize the spine. [6] However, if a corpectomy was needed for exposure, a fusion was considered for reconstruction. [13] The pedicle caudal to the disc space was identified and the foraminal ligaments were cut from its superior edge. The pedicle was removed by using a Kerrison rongeur, exposing the epidural space (Fig.  1) . Early identification of the dura allowed the surgeon to visualize the anterolateral border of the spinal canal and enabled constant visual orientation to the position of the spinal cord during any subsequent dissection. Proper orientation is critical to perform the decompression safely. The next surgical step is also critical: the creation of an empty cavity in the dorsal disc space and adjacent vertebral bodies that provides enough room to move the compressive disc material away from the epidural space. A sufficiently large cavity is mandatory to preserve neurological function. This working space minimized the entry of tools into the compressed epidural space; the surgeon could use the edges of fine microsurgical tools to pull the disc material away from the spinal cord and into the cavity. The cavity should be wide enough so that it extends cephalad and caudal to the disc herniation so the surgeon can visualize normal dura above and below the pathological site. The cavity should be deep enough to expose the entire ventral surface of the dura across the spinal canal to the medial border of the contralateral pedicle (Fig. 2) .
Fig. 2. Intraoperative photograph (upper) and illustration (lower)
showing the anatomy during a left-sided thoracoscopic approach to remove a T5-6 disc hernation. A pyramidal cavity is created in the vertebral body to provide a working space and to expose the entire ventral surface of the dura. The disc herniation is completely resected. An endoscopic microdissection tool is palpating the ventral spinal canal to verify that the decompression is complete.
For the treatment of small or moderate-sized thoracic disc herniations or soft disc herniations, the working cavity was shaped like a pyramid (Fig. 3) . To expose large discs, ossified discs, or intradural discs, much more room was needed. In fact, a corpectomy was required (Fig. 4) . Illustration showing that a pyramidal cavity is created in the dorsal disc space and vertebral bodies to resect small or moderate-sized disc herniations. The rib head and pedicle are removed to expose the lateral dura. Next, a cavity is created in the vertebral bodies to expose the entire ventral spinal canal for the safe decompression of the spinal cord. Right: Lateral view showing that the cavity provides enough room to insert the tools without the need to place any objects in the compromised epidural space. If a small cavity is made, spinal stability is preserved and a fusion is not necessary. Fig. 4 . Left: Illustration showing that a corpectomy is required to achieve adequate exposure and working space to remove large disc herniations. Right: Lateral view showing that the exposure must extend far enough to visualize normal dura above and below the disc. Reconstruction and fusion of the spine are necessary after a corpectomy has been performed.
If the disc extended intradurally, a corpectomy was used to provide adequate exposure. The intradural disc material was grasped with a disc rongeur, and the disc was carefully separated from the arachnoid and pia mater with microdissectors (Figs. 5-8 ). The dura was sealed with fibrin glue and fascia. To prevent the formation of a cerebrospinal fluid (CSF)-pleural fistula, the chest tube was placed to water seal rather than suction. A lumbar drain or lumboperitoneal shunt was used to divert CSF and to reduce intraspinal pressure until the dural incision had sealed postoperatively. 5 . Left: Preoperative CT scan demonstrating a large calcified disc at T10-11 compressing the spinal cord and causing severe, progressive myelopathy. A prior resection had been attempted unsuccessfully with a costotransversectomy. Right: Postoperative CT scan obtained after a thoracoscopic corpectomy was performed to expose and resect the densely calcified disc. Most of the disc material has been removed; however, a residual intradural calcified fragment (arrow), which was obscured intraoperatively by a fold of dura, remains. This residual disc fragment was removed without complications at a second thoracoscopic procedure, which was performed within 24 hours of the first thoracoscopic discectomy. Intraoperative photographs of the thoracoscopic removal of the residual fragment are shown in Figs. 6 and 7. 
After the spinal cord was decompressed, the depth of the dissection was verified by using fluoroscopy. Epidural hemostasis was achieved; the chest was irrigated with antibiotic solution; disc material and bone debris were removed from the chest; the portals were removed; the chest tubes were inserted; the lung was reinflated; and the incisions were closed in a routine fashion. Postoperatively, the chest tubes remained in place until their output was less than 100 ml/day.
All patients underwent serial chest radiography in the recovery room, on the 1st postoperative day, after the chest tubes were removed, and as needed. Patients with soft or calcified discs underwent magnetic resonance imaging and those with densely calcified discs underwent computerized tomography (CT) scanning to assess the extent of resection and decompression (Figs. 9 and 10) . Fig. 9 . A complete decompression has been achieved without complications. A pyramidal cavity was created to expose and resect the herniated disc.
Incidence rates were compared by performing a Z-test and analysis of variance. Operative data were compared using Tukey's test.
RESULTS
Most patients treated with thoracoscopic microdiscectomy underwent a single-level discectomy without reconstruction or fusion. Multilevel disc herniations required a two-level discectomy in 11 patients and a three-level discectomy in one patient. The locations of the disc herniations ranged from the T3-4 level to the T11-12 level. The vertebral levels most commonly involved were T6-7 and T9-10. In the 68 discectomies performed, there were 33 calcified or ossified discs and 35 soft discs; 65 of the discs were extradural and three had eroded transdurally. Corpectomies were required in six patients for treatment of intradural discs (three patients) or very large calcified discs (three patients).
Of the 55 patients who underwent thoracoscopy, 13 were referred for endoscopic treatment after having already undergone unsuccessful open surgery in an attempt to treat the thoracic disc herniations. These initial operations included a transpedicular approach in three patients; a transfacet pedicle-sparing approach in one patient; a costotransversectomy in seven patients; and a thoracotomy in two. During their first open operation, two of these patients had sustained spinal cord injuries that caused the procedures to be aborted. Most of the patients developed progressive myelopathy after their initial procedures.
The mean operative time for thoracoscopic microdiscectomy was 3 hours and 25 minutes (range 80-542 minutes) with a mean blood loss of 327 ml (range 124-1500 ml; Table 1 ). Compared with thoracotomy, thoracoscopy required a mean of 1 hour less operative time (p < 0.05). It also was associated with one-half of the blood loss, one-half of the duration of chest tube drainage, one-fifth of the parenteral narcotic usage, and less than one-half of the length of hospitalization (p < 0.05). Compared with costotransversectomy, thoracoscopy required a mean of 1.25 fewer hours of operative time (p < 0.05). The blood loss and length of hospitalization associated with costotransversectomy were similar to those associated with thoracoscopy.
Surgical Complications
Thoracoscopy. The surgical complications associated with thoracoscopy are listed in Table 2 . Atelectasis was minimized by reinflating the lung for 5 to 10 minutes/hour of operative time. Both cases of hemothorax required evacuation using thoracoscopy for the reoperation. One case of hemothorax developed 1 week after surgery and appeared to be caused by bleeding from a segmental vein that had been incompletely ligated on the surface of the spine. The other case was caused by an intercostal artery at a portal site that bled when a chest tube was removed from the thorax. All intercostal neuralgias that occurred in patients after thoracoscopy were transient and resolved within 1 to 2 weeks. In two cases the disc level was misidentified radiographically. In both cases, the appropriate level was identified intraoperatively or in the recovery room and was remedied by immediately performing the discectomy at the correct level without sequelae.
Two patients had retained disc fragments after a thoracoscopic approach and required reoperations. In the patient who had undergone a prior costotransversectomy, a large stalk of calcified disc material hidden beneath a dural fold was recognized on postoperative CT scans obtained after the thoracoscopic procedure. The patient had no new neurological deficits, and the calcification was removed without complication during a second thoracoscopic procedure performed the next day (Figs. 5-8) . The other patient was morbidly obese, and thick subpleural fat (3 cm) obscured the surface of the spine. A large herniated soft disc fragment was removed at surgery, but a large residual disc fragment had migrated cephalad within the spinal canal. Postoperatively, the patient deteriorated neurologically from Frankel Grade C to Grade B. The residual disc was identified on postoperative myelography and removed via a thoracotomy. The patient gradually recovered to Frankel Grade C.
Thoracotomy. Thoracotomy was associated with a significantly greater incidence of intercostal neuralgia than thoracoscopy (p = 0.009; Table 2 ). The neuralgia was also more prolonged and more severe than the mild transient intercostal neuralgia associated with thoracoscopy. The incidence of atelectasis and pulmonary complications was also significantly higher in cases treated by thoracotomy than those treated by thoracoscopy (p = 0.016). The patients with chylothorax or hemothorax required reoperation for drainage, and the patient with pleural effusions was treated with bedside thoracentesis.
Costotransversectomy.
Of the 15 patients who underwent costotransversectomy, two patients had pleural violations and required a chest tube for 24 to 48 hours after surgery. Two patients had residual discs that caused progressive myelopathy or persistent radicular symptoms; these patients required another operation. Other complications associated with costotransversectomy are listed in Table 2 .
Surgical Outcomes
The clinical and neurological outcomes achieved in patients treated by thoracoscopy were excellent (Table 3) . Patients with milder neurological deficits had more favorable functional recoveries than patients with severe deficits. Patients with severe myelopathies were more likely either to stabilize or to have residual neurological deficits. Among the 36 patients with myelopathy, 22 recovered normal neurological function. Five patients improved functionally with some residual myelopathic signs and symptoms, and the myelopathy was stabilized in nine patients. Among the 19 patients with isolated thoracic radiculopathies, radicular pain completely resolved in 15 and was moderately improved in four. No patients had worsened radicular pain. The mean follow-up period was 15 months (range 6-45 months).
On long-term follow-up evaluation, no patient has exhibited recurrent radicular pain, progressive myelopathy, or evidence of postoperative instability. All patients who had corpectomies underwent prophylactic adjunctive spinal reconstruction with bone grafts and spinal fixation. None of these patients has developed nonunion.
DISCUSSION

Surgical Indications for Thoracic Discectomy
Surgical treatment is required for herniated thoracic discs that cause neurological symptoms from compression of the spinal cord or thoracic spinal nerves. Myelopathy is the strongest indication for surgery to prevent further permanent damage to the spinal cord. Prolonged, disabling, severe, thoracic radicular pain that is refractory to medical therapy is another primary indication for surgery.
Selecting an Operative Approach
The following primary approaches have been advocated for the treatment of herniated thoracic discs: the posterior transpedicular approach and its variants, [2, 27, 36, 44] the posterolateral approach and its variants, [2, 5, 8, 16, 19, 26, 32] and the anterior transthoracic approach (thoracotomy or thoracoscopy). [4, 5, 11, 18, 31, 35, 37, 38, 42, 43] Laminectomy alone is not advocated for the treatment of herniated thoracic discs because it is associated with a high incidence of neurological deterioration. [3, 7, 19, 28, 44, 45] The posterior and posterolateral approaches have been relatively popular among neurosurgeons for the treatment of thoracic disc herniations because the approaches are familiar and the surgeon can work independently. These approaches are particularly suitable for removal of disc material if a thoracic disc herniation is small, focal, soft, and located laterally in the spinal canal. Their main limitation is that the surgeon is unable to see the ventral surface of the dura during the dissection. The posterior or posterolateral approaches are poorly suited for large, central, broad-based, or densely calcified thoracic discs, especially when there is substantial ventral infolding of the dura and distortion of the spinal cord or intradural penetration of the disc. In these circumstances, an anterior approach is needed so that the surgeon can completely visualize and expose the dura, with adequate space to work and manipulate the surgical tools.
Thoracotomy. Several strong advocates of thoracotomy for the treatment of thoracic discs have emphasized that this technique is the only route that provides adequate, unrestricted exposure to work and to visualize the ventral surface of the spinal cord, which is essential for the safe resection of large thoracic disc herniations. [5, 35, 37, 38, 43] However, the popularity of thoracotomy has been tempered by the need for another surgeon to provide access; the complications associated with the procedure (postthoracotomy pain syndromes); [9, 14, 34] and surgeons' relative unfamiliarity with ventral operative techniques for anterior thoracic discectomy.
Thoracoscopic Microdiscectomy. Thoracic surgeons developed thoracoscopy as an alternative to thoracotomy to reduce the approach-related incidences of morbidity associated with the anterior transthoracic exposure. [1, 8, 11, 12, 15, 17, 18, 20, [23] [24] [25] 30, 31, 33, 39, 42] In thoracoscopy (microsurgical endoscopy), small portal incisions in the intercostal spaces are used to access the thoracic cavity without retracting the ribs or widely separating the superficial tissues of the thorax. The portals are used to insert the endoscope and tools for dissection after exposure has been achieved by deflating one lung. Thoracoscopy has been an effective approach for the treatment of a broad range of pathological processes affecting the thorax and mediastinum. [1, 8, 20, 23, 25, 30, 31] Although this is not a prospective, randomized study, our clinical experience with thoracoscopic microdiscectomy has demonstrated that the technique can reduce the approach-related incidences of morbidity associated with the anterior transthoracic routes. Thoracoscopy minimally disrupts the soft tissues of the chest and avoids rib retraction. Yet, it provides extensive access to the inside of the thorax, permitting surgery to be performed in a wide space.
In experienced hands, thoracoscopy can be performed safely and effectively to remove thoracic disc herniations. It provides a microsurgical view of the entire ventral surface of the spine and spinal cord. Compared with thoracotomy, thoracoscopy provides identical visualization and exposure of the spine, with significantly fewer incidences of operative morbidity, less pain, fewer pulmonary problems, and shorter hospitalizations. [10, 13, 15, 24, 39, 41] Compared with posterolateral approaches to the thoracic spine, thoracoscopy provides more complete visualization and access to the ventral spine and spinal cord, and enables more complete resection of midline discs and calcified discs.
The clinical utility of thoracoscopy for discectomy, anterior release of spinal deformities, corpectomy, and thoracic spinal reconstruction has already been demonstrated. [11] [12] [13] 18, 33, 41] The technique also can be used effectively for sympathectomy, biopsy, tumor resection, infection debridement, and intrathoracic nerve sheath tumor resection. [10, 21, 22, 29, 33, 40, 41, 46] Thoracoscopy, however, is a very technically demanding procedure. It requires extensive skill and dedicated practice in the laboratory to learn and master the new psychomotor skills that are required to perform the procedure safely. Dedicated laboratory training is mandatory before surgeons attempt these techniques clinically.
